- 1 - VACUUM PUW The present invention relates to a vacuum punp, and
finds particular, but not excl usive, use in a vacuum punp
conprising a nol ecul ar drag punping 5 nechani sm Mol ecul ar drag
punpi ng nmechani sns operate on the general principle that, at |ow
pressures, gas nol ecules striking a fast4{noving surface can be given
a velocity conponent fromthe noving sur}ace. As a result, the

nol ecul es tend 10 to take up the sane direction of notion as the

surface agai nst which they strike, } t he nol ecul es t hrough

the punp and produces a reIativelyﬁﬁsﬁinﬁgﬂﬁﬁgure inthe vicinity of

t he punp exhaust. These punpi ng nechani sns generally conprise a rotor

and a stator provided 15Mth ope or nore helical iral. channel s
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include a HolgwRlsiviell iBé Na WBENAR pBMpCTMbAsHd S rﬁdl@c&é’r@fég%hnfp?ﬂg nders
of different diameters defining a helical gas path therebetween by
means of & heNe@@NISMAr ead | ocated on either the inner surface of the
outer cylinder or on the outer surface of the inner cylinder, and 20
a Si egbahn punpi ng nmechani sm conprising a rotating di sk opposing a

di sk-1i ke st dfloecdaf draigrginsping alechhaisnes qpearbtat orethieagemefal pnintipke tbat, et
peri phery of Ithe stator towards thet. entrﬁsgf t he sut@tor. Anot her
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wher eby gas ivelqzityeehpanheniftor ene sial mgtsueizzenN @lssa ArsUiNBedndiBeilbs fvrd a
radi al or axial ane. In this cas? 25 gas is transferred from stage

to stage By i@ W ther 54818 Aigegion g @%@ﬂ/@éﬁ?tﬁﬁ'&faﬁ?@ﬁﬁ'@%wﬁﬁh theyght
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of each stage. Siegbahn™and Hol weck punpi'ng nechani sns do not require
crossi ng poi Mighespressyre inctheaicimityeol' te pumpeaxhagelgment s because their
inlets and outlets are disposed along the channel |ength. 30

These pumping mechanisms generally comprise a rotor and a stator provided

15 with one or more helical or spiral channels opposing the rotor. Types of
molecular drag pumping mechanisms include a Holweck pumping mechanism
comprising two co-axial cylinders of different diameters defining a helical gas
path therebetween by means of a helical thread located on either the inner
surface of the outer cylinder or on the outer surface of the inner cylinder, and

20 a Siegbahn pumping mechanism comprising a rotating disk opposing a disk-
flike stator defining spiral channels that extend from the outer periphery of the
stator towards the centre of the stator. Another example of a molecular drag
pumping mechanism is a Gaede mechanism, whereby gas is pumped around
concentric channels arranged in either a radial or axial plane. In this case,

25 gas is transferred from stage to stage by means of crossing points between
the channels and tight clearance ‘stripper’ segments between the adjacent
inlet and outlet of each stage. Siegbahn and Holweck pumping mechanisms
do not require crossing points or tight clearance ‘stripper’ segments because
their inlets and outlets are disposed along the channel length.

30
For manufacturing purposes a Siegbahn pumping mechanism may be
preferred to the Holweck and Gaede pumping mechanisms. However, for a



- 2 - given rotor-to-stator clearance, a Siegbahn punping nechani sm
typically requires nore punping stages to achieve the sane | evels of
conpressi on and punpi ng speed as a Hol weck punpi ng nmechani sm

Furt hernore, a Si egbahn punpi ng mechani smrequires tight clearances
to be achieved in an axial 5 direction, stherw se nore punping stages
- and thus greater power consunption - wll be required to achieve
the required | evel of punping performance. Achieving tight axial
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directions b lic resilient support 5conprising 1 nner and
out er annul arexgrid iagigdy dowardivt feam e atatnrmf #1a yacusim pumpiasideare located

between the rotor disks. A relatively complex and expensive magnetic

bearing arrangement comprising upper and lower radial magnetic bearings,
15 and an axial magnetic bearing, is provided for supporiing the drive shaft out of

contact with the stator, and for maintaining the required axial clearances

between the rotor and stator disks.

The present invention provides a vacuum pump comprising a housing, a drive

20 shaft supported by a bearing arrangement for rotation relative to the housing,
and a pumping mechanism comprising a stator component mounted on the
housing and a rotor component mounted on the drive shaft axially proximate
the stator component, the bearing arrangement comprising a bearing
supported in both radial and axial directions by a metallic resilient support,

25  comprising inner and outer annular portions connected by a plurality of flexible
members, so that there is a fixed relation between the inner race of the
bearing and the outer portion of the resilient support to determine the axial
clearance between the rotor and stator components of the pumping
mechanism.

30
The use of a resilient support for both supporting the drive shaft in the axial
and radial directions, and for determining the axial clearance between the



menbers, so that there is a fixed relation between the inner race of
the bearing and the outer portion of the resilient support to
determ ne the axial clearance between the rotor and stator conponents
of the punping mechanism 30 - 3 - rotor and stator conponents of
the punpi ng nmechani sm can significantlysreduce the cost and
conplexity of the prior bearing arrangenent of axial and radi al
magneti c bearlngs whi | st enabling tight tol erance control of the
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t he beari ng. designed, for example using fmlte element analysis, to have predetermined
15  flexure characteristics adapted to the vibrational characteristics of the drive
shaft. Low radial stiffness in the range from 50 to 500 N/mm may be achieved
to meet the required rotor dynamics of the vacuum pump; lowering the radial
stiffness reduces the second mode natural frequency of the pump, which in
turn reduces the transmissibility of vibration at full pump speed and hence the
20 level of pump vibration for a specific shaft out-of-balance. In view of this,
acceptable levels of transmission imbalance vibration may be achieved
without the need to perform high speed balancing, providing a significant cost

reduction per pump.
25 The flexible members may be axially displaced to axially preload the bearing.

The resilient support is preferably formed from metallic material such as
tempered steel, aluminium, titanium, phosphor bronze, beryllium copper, an
alloy of aluminium or an alloy of titanium. In this case, the radial and axial
30 stiffnesses of the resilient support do not change with temperature or with
time, that is, through creep. The axial stiffness of the resilient support is
preferably in the range from 500 to 10,000 N/mm, more preferably in the



The resilient support is preferably formed fromnetallic materi al
such as tenpered steel, alumnium titanium phosphor bronze,
beryllium copper, an alloy of alum niumor an alloy of titanium In
this case, the radial and axial 30stiffnesses of the resilient
support do not change with tenperature of with tinme, that is, through
creep. The axial stiffness of the resilient support is preferably in
the range from500 to 10,000 NNmm nore preferably in the -
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conveni entdl y apssaiicndofithe pumpan annul ar groove formed in an end
surface of the 10resilient support. The punpi ng mechani sm nmay be a
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punpi ng nmechani sm The punping mechanism may conprise a plurality

of said r'8t oretPHSHERPE: 20l ocated on the drive shaft and a plurality
of said stator conponents nounted

The pumping mechanism may be a Siegbahn pumping mechanism, with one
of the rotor and the stator components comprising a plurality of walls having
side surfaces extending towards the other of the rotor and the stator

15 components and defining a plurality of spiral channels. Alternatively, the
pumping mechanism may be a Gaede pumping mechanism, or a regenerative
pumping mechanism.

The pumping mechanism may comprise a plurality of said rotor components
20 located on the drive shaft and a plurality of said stator components mounted
on the housing and located between the rotor components.

A turbomolecular pumping mechanism may be provided upstream from the
pumping mechanism.

25
Preferred features of the present invention will now be described, by way of
example only, with reference to the accompanying drawings, in which:
Figure 1 is a cross-sectional view of part of a vacuum pump;

30

Figure 2 is a close-up of part of Figure 1; and



on the housing and | ocated between the rotor conponents. A

t ur bonol ecul ar punpi ng mechani sm may be provi ded upstream fromthe
punpi ng mechanism Preferred features of the present invention wll
now be descri bed, by way of exanple only, with reference to the
acconpanyi ng drawi ngs, in which: Figure 4 is a cross-sectional view
of part of a vacuum punp; Figure 2 is a close-up of part of Figure 1;
and - 5 - Figure 3 is a perspective view of a section of the
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pumping mechanism 20.

15 The Siegbahn pumping mechanism illustrated in Figure 1 comprises an
impeller 22 mounted on the drive shaft 14 for rotation therewith. The impeller
22 comprises a piurality of rotor components 24, 26, 28 of the Siegbahn
pumping mechanism, which are in the form of planar, disk-like members
extending outwardly from the drive shaft 12, substantially orthogonal to the

20 axis 16. A plurality of stator components of the Siegbahn pumping
mechanism are mounted on the housing 12 and located proximate to and
between the rotor components. In this example, the Siegbahn pumping
mechanism comprises three rotor components 24, 26, 28 and twa stator
components 30, 32, although any number of rotor components and stator

25 components may be provided as necessary in order to meet the required

pumping performance of the vacuum pump.

Each stator component 30, 32 is in the form of an annular stator component,
and comprises a plurality of walls that extend towards an adjacent rotor

30 component. For example, with reference to stator component 30, the stator
component 30 comprises a plurality of walls 34, 36 located on each respective
side thereof. The walls 34 extend towards rotor component 24, and define a



mechani sm are nmounted on the housing 12 and | ocated proxinmate to and
bet ween the rotor conponents. In this exanple, the Siegbahn punping
mechani sm conpri ses three rotor conponents 24, 26, 28 and two stator
conponents 30, 32, although any nunber of rotor conponents and stator
25 conponents may be provided as necessagy in order to neet the

requi red punpi ng performance of the vacuum punp. Each stator
conponent 30, 32 is in the formof an annular stator conponent, and

30 component PHETbpfruN R e of EhE S B SR L RRERT 58" e
stat or conpongdlis 3 extond tdveeads Potpt mebrﬁethB, wAd Yefidela phialitp oftgiealon
each respectiyve side ﬁher of . The vva} s 34 extend tO\Q/i'aSrds r ot or

conponent 24 floxpehages\en e athgr side gf the-gtatoy compepeita StAI0H FPPMRIAPR s
on one side aofp i%%nﬁé%egn QQIRRISRANnet IS sl i I Efgdl?.dTh@%fgq'ﬁ of

rotor conponent 26, and define a plurality of spiral flow channels on
t he ot her 5si dbe wfalls péths sfaier cemrpoeriatS0, 8L deofcasesrpriainalopg the

configured ina; i ; t i ght of
S The el 1's oroppafpahpBathaar toyah STARER or i 1 Epefied' g

t he Si egbahn gradgallygieresdsariowardsdht leatlet 40eofvtbb waesurafoutipe16 kowompress
channel s gradual | y decrease towards the outlet. 40 of t vacuum .punp
70 10" connr b absDRIERAGR it BAGR NG Be AR eoneianclh S8R Wil G
of each wal | spacsdpaertihbrappoting sOFReS bhthesadjdRee retbr EARpGHALY RN axial
rotor conponent by an axial 10cl earance y, which is indicated in

Fi gure 1.10Th&lagiange yavhigh i ipdisaieddn Fjouwetear i ng ar r angement

conprising two bearings which may be positioned either at respective
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counteract this axial instability and to provide positive axjal

| ocati on of tRUIEES4¥G lulpycant, which could otherwise contaminate the pumping
mechanism. As a passive magnetic bearing is axially unstable, and is unable
to provide positive axial location for the shaft 14, a rolling bearing 42 supports

20  asecond, low vacuum portion of the shaft 14 to counteract this axial instability

and to provide positive axial location of the shaft 14.

The rolling bearing 42 is illustrated in more detail in Figure 2. The rolling
bearing 42 is located between the low vacuum portion of the shaft 14 and the

25 housing 12 of the pump 10. The rolling bearing 42 comprises an inner race
44 fixed relative to the shaft 14, an outer race 46, and a plurality of rolling
elements 48, supported by a cage 50, for allowing relative rotation of the inner
race 44 and the outer race 46. The rolling bearing 42 is lubricated using a
lubricant such as oil to establish a load-carrying film separating the bearing

30 components in rolling and sliding contact in order to minimize friction and
wear. In this example, the lubricant supply system comprises a centrifugai

pump including one or more wicks 52 for supplying lubricant from a lubricant



The rolling bearing 42 is illustrated in nore detail in Figure 2. The
rolling bearing 42 is |ocated between the | ow vacuum portion of the
shaft 14 and the 25housing 12 of the punp 10. The rolling bearing 42
conprises an inner race 44 fixed relative to the shaft 14, an outer
race 46, and a plurality of rolling elemgnts 48, supported by a cage
50, for allowing relative rotation of the inner race 44 and the outer
race 46. The rolling bearing 42 is Iubricated using a lubricant such

as oil to establish | oad- car.r.yi.n f|| t he
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20  Each flexible member 66 is in the form of an elongate, arcuate member
substantially concentric with the inner and outer annular portions 62, 64, and,
as illustrated in Figure 3, the flexible members 66 are preferably
circumferentially aligned. The flexible members 66 of the resilient support 60
thus provide integral leaf springs of the resilient support 60.

25
The inner portion 62 of the resilient support 60 has an inner, axially extending
cylindrical surface 74 engaging the outer surface of the outer race 46 of the
rolling bearing 42. As illustrated in Figure 2, the inner portion 62 also has a
radially inward extending axial support portion 76 located towards the upper

30 (asillustrated) end surface 78 thereof for engaging the upper surface of the
outer race 46 of the rolling bearing 42 to axially support the bearing 42 so that
there is a fixed relation between the inner race 44 of the bearing 42 and the



25 The inner portion 62 of the resilient support 60 has an inner,
axially extending cylindrical surface 74 engaging the outer surface

of the outer race 46 of the rolling bearing 42. As illustrated in
Figure 2, the inner portion 62 also has a radially inward extending
axi al support portion 76 | ocated tomardssyhe upper 30(as illustrated)

end surface 78 thereof for engaging the Upper surface of the outer
race 46 of the rolling bearing 42 to axially support the bearing 42

so that there i.s a | at i et wee ner race of e
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beari ng
engaging screw threads such that an upper (as illustrated) end surface of the

bearing nut 90 engages the lower end surface 92 of the resilient support 60 to
retain the resilient support 60 relative to the housing 12, and to preferably

15  axially pre-load the resilient support 60. As illustrated in Figure 2, the bearing
nut 90 has an inner axially extending surface 94 which provides a radial end
stop surface for limiting radial movement of the shaft 14 and bearing 42. The
bearing nut 90 also has a radially inward extending portion 96 having an
upper (as illustrated) surface 98 to provide an axiai end stop surface for

20 limiting axial movement of the shaft 14 and bearing 42 in the downward {as
illustrated) direction. The housing 12 provides an opposing axial end stop
surface for limiting axial movement of the shaft 14 and bearing 42 in the

upward (as illustrated) direction.

25  The resilient support 60 is formed from metallic material such as aluminium or
an alloy thereof, tempered steel, beryllium copper, phosphor bronze, titanium
or an alloy thereof, or other metallic alloy. The stifiness of the resilient
support 60 is determined by the geometry of the slots 68, and thus the
geometry of the flexible members 66, and can be accurately estimated using

30 finite element analysis. We have found that the resilient support 60 can be
readily designed to have a relatively low radial stiffness, for example in the
range from 50 to 500 N/mm, and preferably around 200 N/mm, for inhibiting



nut 90 has an inner axially extending surface 94 which provides a
radial end stop surface for limting radial novenent of the shaft 14
and bearing 42. The bearing nut 90 also has a radially inward

extending portion 96 having an upper (as illustrated) surface 98 to
provi de an axial end stop surface for 20h4imting axial novenent of
the shaft 14 and bearing 42 in the downward (as ill ustrated)

direction. The housing 12 provi des an opposing axial end stop surface
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to a relatively high inbal ance or when running at or around critical
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substantially constant value during the use of the pump 10, thereby enabling a
20  tight axial clearance to be maintained during use of the pump 10.



turn determ nes the axial clearance y between the rotor and stator
conponents of the punping nmechani sm 20. Due to the high axial
stiffness of the resilient support 60, this axial clearance may be
mai nt ai ned at a substantially constant val ue during the use of the
punp 10, thereby enabling a 20 tight~ dQ-al clearance to be maintai ned
during use of the punp 10. -10- CLAIMS 1. A vacuum punp conprising a
housi ng, gggghée shaft supported by a bearing arrangenent for
rotation ve to the housing, and a punpi ng 5mechani sm conpri si ng
a stator conponent nounted on the housing and a rotor conponent

mount ed on the drive shaft axial.l roxi mat e the stator co onent,
t he beari hg ar&&ﬁ%’r@rﬁ’&’”&bﬁmi’%ﬁ'ﬂé OYSHG; ﬁé’”é’@ﬁba tSé'HP?'ﬁe YB radial
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inner and outer annular “portions connected by a 10pl urallty of
fl exi B e menbenechanismisamprisingea slater donxeshent mauinted drethegeousing: i nner

Getor i ne 't no i 4 o CobindtifouRen bhitle Blive arh iR, bR Bk n: <
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wherein the flgyp QhechﬁHf‘Pﬁﬁéwﬁ‘fe?aﬁtjro%%ﬁéﬂn%mr'p%\—tﬁdhsaédn%@t‘édt%Pa3 A
vacuum punp accordl ng to any preceding claim wherein the fléxible

menbeils provi déurglityl rﬂ@xibteyn@mhem&ay |t thesg isspfixeshyreladion besweesi | i ent
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the flexible
support to determine the axial clearance between the rotor and stator

components of the pumping mechanism, wherein each of the flexible
members is an elongate, arcuate member substantially concentric with

15 the inner and outer annular portions.

2. A vacuum pump according to Claim 1, wherein the flexible members

are circumferentially aligned.

20 3 A vacuum pump according to any preceding claim, wherein the flexible

members provide a plurality of integral leaf springs of the resilient

support.
4, A vacuum pump according to any preceding claim, wherein the flexible
25 members are axially displaced to axially preload the bearing.
5. A vacuum pump according to any preceding claim, wherein the metallic

material comprises one of tempered steel, aluminium, titanium,
phosphor bronze, beryllium copper, an alloy of aluminium and an alloy

30 of titanium.



25menbers are axially displaced to axially preload the bearing. 5. A
vacuum punp according to any preceding claim wherein the netallic
mat eri al conprises one of tenpered steel, alumnium titanium
phosphor bronze, beryllium copper, an,@l | oy of al um nium and an all oy
30o0f titanium 6. A vacuum punp according to any preceding claim
wherein the resilient support has an axial stiffness in the range
from500 to 10 7 A ] >edi ng
cl aim uhSr ei o VAGEe el et BhY pEBb AR REL dnh et A RERE, C
range from 500suppoft0Es ad axial Riffndsy acthemrapgenfroacsQl i 10y00® Nmyn.
preceding claim wherein the resilient support has a radial stiffness
in the range from50 to 500 NNmm 10 9. A vacuum punp according to any
precedi ngz cl ai Ayvadiieh PumhPicRrding WBAHY BretRgdaie WiRireinhaRediig on
the resilient support, and wherern the danping nenber is |ocated

wi thi # an annuPogiesan adaldifess intheangefreance0bio 1408 Neami i ent
support. 1510. A vacuum punp according to any preceding claim wherein
one of the rotor and the stator conponents conprises a plurality of
wal | s havé.ng <A daciaum pangsassordingitamgny preteding deingtwiereiafthé hesilierttor

d the stat t d.defini | ural i j r al
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wherei n the punping nmechanismis a Siegbahn punpi ng nechanism 12. A

vacuum punp according to any of Clains 1 to 9, wherein the
10 9. A vacuum pump according to any preceding claim, wherein an

elastomeric damping member is mounted on the resilient support, and
wherein the damping member is located within an annular groove formed

in an end surface of the resilient support.

15 10. A vacuum pump according to any preceding claim, wherein one of the
rotor and the stator components comprises a plurality of walls having
side surfaces extending towards the other of the rotor and the stator

components and defining a plurality of spiral channels.

20 11. A vacuum pump according to any preceding claim, wherein the

pumping mechanism is a Siegbahn pumping mechanism.

12. A vacuum pump according fo any of Claims 1 to 9, wherein the

pumping mechanism is a Gaede pumping mechanism.

25
13. A vacuum pump according to any of Claims 1 to 9, wherein the
pumping mechanism is a regenerative pumping mechanism.
14. A vacuum pump according to any preceding claim, wherein the
30 pumping mechanism comprises a plurality of said rotor components

located on the drive shaft and a plurality of said stator components



punpi ng nmechani smis a Gaede punpi ng mechanism 25 13. A vacuum punp
according to any of Clainms 1 to 9, wherein the punping nechanismis a
regenerative punpi ng nechanism 14. A vacuum punp according to any
preceding claim wherein the 30punp|n3 mechani sm conpri ses a
plurality of said rotor conponents |0 Zted on the drive shaft and a
plurality of said stator conponents - 12 - nounted on the housing
and | ocated be rding
Co any pr eced ML Y AAShSisiy HRO REate vewedn (e KAEL PR B8 s g
nechanlsnlupstreanlfronlthe punpi ng 5nmechani sm

15. A vacuum pump according to any preceding claim, comprising a
turbomolecular pumping mechanism upstream from the pumping

5 mechanism.



